We have developed a convenient and effective XRF analysis procedure for trace amount of K, Ca, V, Mn, Fe, Ni, Cu, Zn, Cd, and Pb in environmental waters by using a preconcentration using the natural polymer (agar). The thin agar film was prepared by drying a homogeneous agar gel after mixing the aqueous sample solution with the agar powder. XRF analysis of the preconcentrated thin agar films containing trace metals showed a good repeatability, because agar films were homogeneous enough. SB (signal to noise) ratios of the XRF intensity of the analytes were improved drastically. The linear calibration curves of K, Ca, V, Mn, Fe, Ni, Cu, Zn, Cd, and Pb showed a good linearity within the calibration ranges. The lower limits of detection (LLD) were 1.4 µg/mL for K, 0.26 µg/mL for Ca, 0.088 µg/mL for V, 0.029 µg/mL for Mn, 0.11 µg/mL for Fe, 0.016 µg/mL for Ni, 0.030 µg/mL for Cu, 0.017 µg/mL for Zn, 0.20 µg/mL for Cd, and 0.066 µg/mL for Pb, respectively. The proposed preconcentration method was applied to several environmental water samples. 
INTRODUCTION
The analysis of the trace amount of the elements in the environmental water is generally performed by spectroscopic methods, such as ICP-AES, ICP-MS, and Atomic absorption spectrometry (AAS). XRF spectrometry is widely used on environmental samples for routine analysis, such as rock, sediment, airdust, and plastic. However, in the case of environmental water, the XRF method is not widely used, because the sensitivity of the usual XRF spectrometer except for the SR-XRF or TXRF is lower than ICP-AES and AAS due to the influence of the matrix effect. Therefore, XRF method for the analysis of the environmental water generally requires the preconcentration of the analytes through the sample pretreatments, such as dried spot method [1, 2] ion exchange [3] , and precipitation by the chelating agent [4, 5] . The dried spotted method is a rapid and simple method for correcting the trace metals in aqueous solutions on flat substrate or filter paper. However, the dried spot method has the disadvantage that the sample volume on the substrate is limited to the small volume less than 100 µL. A preconcentration procedure with the chelating disk or ion-exchange resin can correct the large amount of the metal ions with the large volume sample solution. However, these methods require the tedious and time-consuming pretreatment. The aim of our study is development of a simple and effective preconcentration for XRF analysis. For sensitive XRF analysis, it is necessary to increase the amount of the analyte in the x-ray irradiation area. Another approach is a reduction of the background and matrix effect, that is, the thin layer sample is more desirable for the sensitive XRF analysis.
We have proposed a convenient and effective XRF analysis procedure for trace amount of elements in environmental waters with a preconcentration using the natural polymer (agar). The pretreatment of the water using natural polymer (gelatin or agar) has been investigated in previous papers [6] [7] [8] [9] . Also, we have an experience of using gelatin including certain amount of metals for standard samples for XRF analysis [10] . In this study, we attempted to preconcentrate with the thin agar film, after correcting the analyte in the agar gel, and drying.
EXPERIMENTAL

Apparatus
A Rigaku Rix2100 wavelength-dispersive XRF spectrometer equipped with an 3kW Rh-W dual target was used for this measurement. The X-ray tube was operated at 50 kV and 50 mA, and measurement diameter was 30 mm. A LiF analyzing crystal was used for Cd, Cr, Fe, Mn, Pb and Zn, and Ge analyzing crystal was used for K and Ca. X-ray detectors used for this study were a scintillation counter and a gas flow proportional counter in which PR gas (Ar 90% + CH 4 10%) flowed at 50 cm 3 min -1 . From the XRF intensity of the analytical line, the average on both sides of the background was subtracted. The instrumental conditions are listed in Table 1 The micro XRF analysis was applied to check the micro-region homogeneities of the sample.
The micro XRF system was constructed by our laboratory [11] [12] [13] . 
Chemicals
An agar powder (JIS guaranteed grade, Wako, Japan) was previously dried in a thermostated dryer at 110˚C for 24 h to constant weight. To prepare calibration solutions, 1000 mg/kg standard solution (Wako) of K, Ca, V, Mn, Fe, Ni, Cu, Zn, Cd and Pb were used.
Analytical Procedure of the Preconcentration with Agar
70 mg of the dried agar powder and 10 mL volume of the aqueous sample were mixed in a glass beaker at a room temperature. A 100 µL volume of NH 3 -NH 4 Cl buffer solution added in the mixture for the pH adjusting. The mixed solution was heated for 10 min on hot plate with strring, and poured into a hollow Teflon cup (inner diameter: 36 mmφ) where the polyimide film (7.5 µm thick, Niraco Co. ltd.) had been stretched on the bottom. The thick solidifying agar gel was obtained after cooling for 20 min at the room temperature. The solidifying agar-gel was dried at 100˚C for 3h, and that in form of thin film (50 µm thick) was obtained. Figure 1 shows XRF spectra of the agar gel (a), and the agar film after drying (b) preconcentrated aqueous standard solutions (1 ppm of Mn, Fe, Ni, Cu, and Zn). As shown in Fig. 1 , the background spectrum of the agar film is reduced drastically. Moreover, XRF intensities of all elements were enhanced because of inhibiting of the matrix effect. Figure 2 shows the comparison with the signal to background ratio (SB ratio) between agar film and agar gel samples after preconcentration with the 1ppm of Mn, Fe, Ni, Cu and Zn standard solutions to confirm the effect of the preconcentration with agar. The SB ratios of the analytes were improved by approximately 6 to 16 times by preparing it on the thin film. In particular, the proposed preconcentration procedure is more effective for the high-Z elemental analysis, such as Cu, Zn, and Pb, because the XRF analysis for high-Z elements was strongly influenced by scattering x-rays due to the sample matrix.
RESULT AND DISCUSSIONS
Repeatability and Homogeneity test
The repeatability of the sample preparation was investigated by XRF measurement in order to confirm the deviations of XRF intensities of the analytes. Six agar films were prepared and then measured by WDXRF analysis. The tested agar films were prepared by the preconcentration from the aqueous standard solution containing 5 ppm of K, Ca, V, Mn, Fe, Ni, Cu, Zn, Cd, and Pb. Deviations of the XRF intensities varied slightly, and the relative standard deviations (RSDs) (%) for all analytes were approximately less than 6 % ( Table  2) .
Next, the micro homogeneity of the samples was investigated by micro XRF analysis to confirm the elemental distribution in the micro-region of an agar film. Figure 3 shows the elemental mapping images and histograms of the XRF intensities of four elements preconcentrated with the agar film. The prepared agar film had a homogeneous elemental distribution, and all histograms showed the Gaussian distribution. The RSDs (%) of the XRF intensities were: Ni, 3.7 %; Fe, 5.9 %; Zn, 5.4 %; and Pb, 7.9 % (n=1600), respectively. Figure 4 shows the calibration curves of K, Ca, V, Mn, Fe, Ni, Cu, Zn, Cd, and Pb preconcentrated with the agar film. The calibration curves of 10 elements showed a good linearity within the calibration ranges. The lower limits of detection (LLD) corresponding to 3σ n-1 of blank values were 1.4 µg/mL for K, 0.26 µg/mL for Ca, 0.088 µg/mL for V, 0.029 µg/mL for Mn, 0.11 µg/mL for Fe, 0.016 µg/mL for Ni, 0.030 µg/mL for Cu, 0.017 µg/mL for Zn, 0.20 µg/mL for Cd, and 0.066 µg/mL for Pb, respectively.
Calibration curves
Application
The proposed preconcentration method was applied to several environmental water samples (city water, rain water, mineral water, green tea, and oolong tea) for the determination. Table  3 shows the analytical results for K, Ca, V, Mn, Fe, Ni, Cu, Zn, Cd, and Pb in five water samples obtained under the proposed procedure. The detected elements in water samples were K, Ca, V, Mn, Ni, Zn, and Pb. The proposed preconcentration by using the agar was successfully prepared for the environmental water samples with a typically repeatability and homogeneity. However, in the case of the acid water samples, such as acid rain or acidic hot spring water, the buffer solution must be added in the sample solution for pH adjusting, because the agar solution cannot be solidified under the acid condition less than pH 3.
